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Abstract
Objective
Evidence for the validity of US in detecting structural joint pathology in OA is increasing. However, despite the rapidly
emerging field of US in OA, few studies have reported on the inter-observer reliability of US to date. The objective of this
study was to assess inter-observer reliability of ultrasonography (US) in the evaluation of specifically defined features in
osteoarthritis (OA) of the knee.

Methods
US was performed independently by two rheumatologists in 60 outpatients fulfilling the American College of
Rheumatology clinical criteria for knee OA. The acquisition protocol comprised medial meniscus protrusion, synovial
hypertrophy, effusion, infrapatellar bursitis and cartilage thickness. Cartilage thickness and meniscal protrusion
(if >3 mm) were measured on a continuous scale, all other variables were scored dichotomously.

Results
Inter-observer agreement (K-value) was moderate for protrusion of the medial meniscus (0.54), good for infrapatellar
bursitis (0.66) and effusion (0.74), excellent for Bakers’ cyst (0.85) and poor for the detection of synovial hypertrophy
(-0.08). Inter-observer reliability was good for the measurement of medial meniscus protrusion (correlation coefficient
0.80, 95% limits of agreement -1.93 to 1.94 mm) and cartilage thickness (correlation coefficient 0.62 and 0.68, 95%
limits of agreement -0.87 to 0.84 mm and -0.77 to 0.96 mm at the medial and lateral condyle respectively).

Conclusion
This study demonstrated good reproducibility of US in the assessment of the majority of the investigated mechanical,
inflammatory and degenerative features of knee OA, and contributes to exploring the use of US in knee OA as a useful
tool in research as well as in clinical practice.
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INTRODUCTION

Osteoarthritis (OA) is a common joint
disorder, with the knee being one of
the most frequently involved sites.
Knee OA has traditionally been imaged
with conventional radiography, provid-
ing little information about soft tissue
structures (1). As OA is a disease of the
entire joint, characterised by cartilage
breakdown, subchondral bone altera-
tions, formation of osteophytes, menis-
cal degeneration and synovial inflam-
mation, information about these patho-
logic findings will likely give insight
into the complex process of develop-
ment and progression of knee OA (2).
Ultrasonography (US), a non-invasive,
safe and relatively inexpensive imaging
tool, allows visualisation of these struc-
tures (3, 4). For US to be implemented
structurally, guidelines on the use of US
in OA are being developed (5-9).
Evidence for the validity of US in de-
tecting structural pathology in OA is
increasing (10). Cartilage degenera-
tion, a hallmark of OA, can be accu-
rately imaged with US as good correla-
tions between US and histology have
been found (10-12). Furthermore, good
agreement between US and magnetic
resonance imaging (MRI) in visualis-
ing effusion and synovial hypertrophy
in patients with symptomatic knee OA
has been shown (13).

However, despite the rapidly emerging
field of US in OA, few studies have re-
ported on the inter-observer reliability
of US to date. As US is known to be
an operator-dependant modality, lack
of inter-reader agreement could restrict
its use, especially in clinical practice.
So far, few studies have reported repro-
ducibility data on US in knee OA and
no standardised and reproducible US
protocol for knee OA has been devel-
oped. Although various studies report
US detection of synovial inflammation
(14), there is a lack of reliability data
on synovial hypertrophy and effusion
in knee OA. In studies on patients with
knee arthritis inter-observer agreement
for synovial hypertrophy varied from
0.4 to 0.7 and reported agreement on
the presence or absence of effusion in
the knee varied between 0.65 and 0.77
(12). Data on inter-observer agreement
for cartilage thickness included only a
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few patients and inter-rater reliability
ranged from 0.6 t0 0.9 (15, 16) Further-
more, only a limited number of stud-
ies addressed interobserver reliability
of US in the detection of meniscus le-
sions, Baker’s cyst and infrapatellar
bursa (17, 18). Therefore, the aim of
this study was to investigate the inter-
observer variability of a set of specifi-
cally defined US features comprising
inflammatory, degenerative and me-
chanical aspects in knee OA.

Patients and methods

Patients

A total of 60 consecutive patients at-
tending our outpatient clinic and fulfill-
ing the American College of Rheuma-
tology (ACR) (19) clinical criteria for
knee OA were included in our study.
The criteria used were: knee pain (>15
days of the last month) plus at least
three of the following: age >50 years,
morning stiffness <30 minutes, crepi-
tus, bony enlargement, bony tender-
ness, no palpable warmth. Exclusion
criteria were: inflammatory rheumatic
diseases or deposition diseases pos-
sibly leading to secondary OA, severe
co-morbidity exceeding the complaints
of knee OA and planned orthopaedic
surgery within the next 3 months. Pa-
tients underwent weight bearing an-
tero-posterior radiographs of the knee,
and had ultrasound assessment of the
most symptomatic knee by two trained
ultrasonographers. We studied the most
symptomatic knee because this study
was carried out in the framework of an
osteoarthritis cohort which focuses on
an index knee. The local Medical Re-
search Ethics Committee, region Arn-
hem-Nijmegen (The Netherlands) ap-
proved the study design (study number
2009/095).

US investigation

All patients were assessed independ-
ently on the same day by two rheuma-
tologists trained and certified in US
(HM and KB). They had 4 and 2 years
respectively professional experience in
US and had performed >500 US inves-
tigations each. To guarantee independ-
ency of observations, the US investiga-
tors were blinded to the results of prior
US-, x-ray- or physical examinations.



The two rheumatologists involved

reached consensus on the US acquisi-

tion prior to the study by investigating

15 patients together. Based on previous

US studies, EULAR guidelines(5) and

pathophysiologic concepts of OA, we

decided to investigate 6 different US
features:

1. Effusion: a =4mm anechoic area
in the suprapatellar recess, evalu-
ated using a longitudinal scan in line
with the patellar tendon with the leg
in passive full extension. Structures
are labelled as effusion if they are
fully compressible to discriminate
effusion from synovial hypertro-
phy. The site of maximal effusion is
measured.

2. Synovial hypertrophy: a hypoechoic
area (which is poorly compressible
and nondisplaceable) of =2mm in
the suprapatellar recess in line with
the patellar tendon, measured with
the leg in full extension with a lon-
gitudinal scan. The site of maximal
hypertrophy is measured.

3. Meniscal protrusion: protrusion of
meniscal tissue out of the joint space
>3 mm from the joint line, evaluated
at the medial joint space with the
knee in full extension with a longi-
tudinal scan (Fig. 1A). The maximal
protrusion is measured from the joint
line to the menical-synovial fluid
interface. It is measured with the
medial collateral ligament in sight,
perpendicular to the joint line.

4. Deep infrapatellar bursitis: an en-
larged infrapatellar bursa (>2 mm)
on both longitudinal and transverse
scans with the knee in 45° flexion.

5. Baker’s cyst: a hypo-anechoic area
between the medial gastrocnemius
and the semimembranosus tendon
examined with the patient in prone
position on the posterior/medial side
of the fully extended knee applying
a transverse and longitudinal scan.
The maximum diameter is measured
(mm) in a transverse plane.

6. Femoral cartilage thickness: an ane-
choic band with sharp hyperechoic
margins, measured perpendicular
to the surface at the intercondylar
notch and at the medial and lateral
condyle (5 mm just medial or lateral
from the top of the condyle), with the

US analysis in knee OA / K. Bevers et al

Femoral condyle

Fig. 1. A. Ultrasound image of medial meniscus with measurement of protrusion. Protrusion of the
meniscus (M) was measured between the medial collateral ligament (MCL) and the joint space (dashed

line).

B. Femoral condyle cartilage with measurement of cartilage thickness of lateral condyle. Cartilage
thickness was measured perpendicular to the surface 5 mm from the top of the condyle (A).

transducer immediately above the
patella in a transverse plane and with
the knee in maximum flexion (Fig.
1B). The outer hyperechoic margin
is included in the measurement
The ultrasound machine used in this
study was a MyLab 25 gold (Esaote
Biomedica, Genoa, Italy), with a 35
mm linear transducer (frequency 8-15
mHz). The complete US investigation
took about five minutes per patient.

Statistical analysis

Based on kappa statistics, sixty pa-
tients were required in this study to
reach an agreement of 0.7 (95%-confi-
dence interval (CI) of 0.2), assuming a
prevalence of 15-50% of different US
features. Inter-observer agreement for
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dichotomous variables was evaluated
using unweighted kappa statistics and
percentage of exact agreement. Kappa
values <0.20 were considered poor, be-
tween 0.20 and 0.40 fair, between 0.41
and 0.60 moderate, between 0.61 and
0.80 good and >0.80 excellent (20).
Inter-observer agreement for continu-
ous or ordinal variables was assessed
by calculating the concordance corre-
lation coefficient and respective 95%
CI (21). Bland Altman analysis was
performed to determine 95% levels of
agreement and modified Bland Altman
plots using regression analyses to ac-
count for trend were depicted (22). Sta-
tistical analysis was performed using
the statistical software package StatalO
(StataCorp, Texas, USA).
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Table I. Patient characteristics (n=60).

‘Women, %
Age (years), mean (SD)
BMI, mean (SD)
Disease duration (years), median (range)
Duration of complaints (years), median (range)
K&L score (%)

1

2
3
4
Most symptomatic knee (n)

Right
Left

72
53.6 (10.3)
29.1 (6.3)

3 (0.1-22)
8 (0.2-40)

28
43
17
12

29
31

Table II. Prevalence and inter-observer reliability of ultrasonography-detected pathology

in knee osteoarthritis.

Observation Prevalence Prevalence Agreement Kappa (95% CI)
KB (%) HM (%) (%)

Meniscus protrusion 68 68 80 0.54 (0.31-0.77)

Baker’s cyst 22 29 95 0.85 (0.68-1.00)

Infrapatellar bursitis 2 3 98 0.66 (0.04-1.00)

Effusion 8 15 95 0.74 (0.47-1.00)

Synovial hypertrophy 10 5 83 -0.08 (-0.16-0.01)

Table III. Inter-observer reliability for measurement of femoral articular cartilage thick-

ness and meniscal protrusion.

Observation Correlation coefficient Difference; limits of
(95% CI) agreement (95% CI)
Medial femoral cartilage thickness 0.62 (0.46-0.79) -0.11 -0.98-0.77
Lateral femoral cartilage thickness 0.68 (0.54-0.82) 0.30 -1.31-1.92
Intercondylar notch cartilage thickness 0.50 (0.33-0.66) -0.05 -0.85-0.75
Medial meniscus protrusion 0.80 (0.68-0.92) 0.19 -3.48-3.78

Results

Sixty patients were included in our
study. Patient characteristics are shown
in Table I. The prevalence of the vari-
ous pathophysiological features dif-
fered notably; infrapatellar bursitis and
synovial hypertrophy were observed
infrequently, whereas meniscal protru-
sion was found in over half of the pa-
tients (Table II). Inter-observer agree-
ment was poor for the presence or ab-
sence of synovial thickening, moderate
for protrusion of the medial meniscus
and good for infrapatellar bursitis and
joint effusion and excellent for Bakers’
cyst (Table II).

Cartilage thickness (mean+SD) was
1.93 (0.54) mm (range 0.0-3.8) at the
medial condyle, 1.99 (0.59) mm (range
0.0-3.6) at the lateral condyle and 2.47
(0.68) mm (range 1.6-5.0) at the inter-
condylar notch. Inter-observer agree-
ments for femoral articular cartilage

thickness measurements were mod-
erate to good (Table III). Figure 2A-
C shows the difference between the 2
observers’ measurements of cartilage
thickness and mean measurements. The
95% limits of agreement as determined
by Bland Altman analysis were as fol-
lows: medial condyle -0.87 to 0.84 mm;
lateral condyle -0.77 to 0.96 mm; inter-
condylar notch -1.53 to 0.99 mm.
When protrusion of the medial menis-
cus was present, inter-observer agree-
ment for the degree of bulging was ex-
cellent (Table III, 95% limits of agree-
ment -1.93 to 1.94 mm). However, with
increasing size of meniscal protrusion,
the measurement became less precise
(Fig. 2D).

Discussion

Although US is a highly operator-de-
pendant technique, few studies have
addressed the inter-observer variabil-
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ity of US in the assessment of knee
pathology in OA. Knowledge of US
reliability is pivotal before US can
be implicated in research or clinical
practice. In this study, we assessed
the inter-observer reliability of multi-
ple concurrently studied US features
in the evaluation of OA. We chose six
different US features, covering inflam-
matory, mechanical and degenerative
aspects of knee OA. Our results show
moderate to excellent inter-observer
reliability for detection of infrapatellar
bursitis, effusion, meniscal protrusion
and Baker’s cysts and for the measure-
ment of cartilage thickness.

Despite standardised measurements
and the use of bony/anatomic land-
marks, we found lower inter-observer
reliability for cartilage thickness than
previously demonstrated for healthy
subjects (11, 16, 23, 24). This is most
likely due to the difficulty of defining
the boundaries of cartilage-bone and
cartilage-soft tissue at sites of cartilage
damage (12, 16, 25). In addition, maxi-
mal flexion of the knee (as opposed to
fixed flexion), required to visualise the
weight-bearing parts of the femoral
condyles, potentially differs between
measurements due to pain during knee
bending. Furthermore, the standardi-
sation of our measurement resulted
in suboptimal isonisation of the ultra-
sound beam, which can result in under-
estimation of the cartilage thickness.
In contrast to studies of inflammatory
arthropathies (14), inter-observer reli-
ability was poor for the detection of
synovial hypertrophy in osteoarthritic
knees. This is probably due to the low
occurrence of synovial hypertrophy in
our population and hence limited US
training and consensus on acquisition
between the observers. In a large cohort
of painful knee osteoarthritis, preva-
lence of synovial hypertrophy and effu-
sion on US was 16.9% and 43.7%, re-
spectively (7). In this study, inflamma-
tion correlated strongly with advanced
radiographic disease. Therefore, this
higher incidence of inflammatory
characteristics might reflect more ad-
vanced disease, (67% of patients with
K&L score of =3) (7) as compared to
our cohort (29% of patients with K&L
score =3). In addition to this, we might
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Fig. 2. Adapted Bland-Altman plots illustrating inter-observer agreement for US measurement of femoral cartilage thickness (A-C) and medial meniscus
protrusion (D). Dashed line: mean, solid line: 95% limit of agreement.

have missed a number of patients with
effusion, as we measured fluid only at
the suprapatellar recess with the leg re-
laxed. Tension on the quadriceps mus-
cles might reveal more fluid from the
suprapatellar pouch.

The main limitation of our study was
the relatively small study population,
owing to which different US features
were observed in a small number of
patients and precision was sometimes
lower than aimed for. Furthermore, we
did not study intra-observer reproduc-
ibility because of practical difficul-
ties (particularly blinding for previous
measurements) and because intra-ob-
server reliability is generally higher
than inter-observer reliability. Some
previous studies have determined inter-
observer reliability of reading acquired
ultrasound images, however, as ultra-
sound is a dynamic investigation, it is
more important to study differences in

the acquisition of images. This study
contributes to exploring the use of US
in knee OA, by addressing the visuali-
sation of a set of soft tissue structures
in the knee. In conclusion, the present
study demonstrates moderate to excel-
lent inter-observer reliability of US
in the inspection of different inflam-
matory, mechanical and degenerative
characteristics of knee OA. Therefore,
US potentially might prove to become
a useful tool in research as well as in
clinical practice.
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